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ABSTRACT

The present invention 1s generally directed to assisting users
to position a pointer on a target. Embodiments of the present
invention provide a system, method, and computer-readable
medium that guide a pointer toward a target. After the
pointer 1s located on a target, pointer movement continues to
be adjusted so that the user may easily keep the pointer
located on the target.
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SYSTEM AND METHOD FOR ACQUIRING A
TARGET WITH INTELLIGENT POINTER
MOVEMENT

FIELD OF THE INVENTION

The present mvention relates in general to an improved

graphical user interface. More specifically, the present
invention relates to an improved system and method of
placing a pointer on a target in a graphical user interface.

BACKGROUND OF THE INVENTION

A great number of computer devices (e.g., personal com-
puters, personal digital assistants (“PDAs”), cellular tele-
phones, etc.) employ a graphical user interface (heremafter
“GUTI”) to interact with users. A GUI 1s an input/output (I/0)
system characterized by the use of graphics on a computer
display to communicate with a computer user. Frequently,
the user employs an mput device, such as a mouse or
trackball, to manipulate and relocate a pointer on the com-
puter display. When a user activates or “clicks” the mput
device while the pointer 1s at a designated position on a
display, information 1s input into a computer device. Accord-
ingly, a user does not need to memorize commands or have
knowledge of keyboard typing to provide mput to the
computer device.

A GUI generally presents graphical display elements
(herematter “GUI objects”) as two-dimensional 1mages
composed of pixels on a computer display. The pointer 1s a
GUI object that 1s presented as overlaying all other GUI
objects. One coordinate on a pointer 1s a “hot spot,” that
identifies a specific location (1.e., coordinate position) where
a pointer selection event may occur. However, 1n order for
a pointer selection event to occur, the pointer’s “hot spot™
must be located on a target. In some 1nstances, the coordi-
nate position occupied by a GUI object 1s the target. For
example, when a GUI object 1s an 1con that imitiates execu-
tion of a computer program, the coordinate position occu-
pied by the 1con 1s a target. In other istances, GUI objects
consist of one or more smaller targets. For example, resize
handles are targets that allow users to change the size of a
GUI object by causing a pointer selection event to occur on
the resize handle.

Positioning the “hot spot” of a pointer over a desired
target, such as a resize handle, 1s often diflicult to accom-
plish, leading to frustration and lowered productivity. In
some 1nstances, users with diminished visual or physical
abilities, or lack of training have difliculty in positioning a
pointer. In other istances, pointer positioning difliculty may
be attributable to the computer device. For example, a
computer display may provide a high-density presentation of
matenal, rendering targets relatively small, thereby making
precise pointer positioning diflicult.

An 1nability to place the hot spot of a pointer on a specific
target creates problems because the desired function may not
casily be performed. Instead, the user may need to repeti-
tively readjust a pointer to perform the desired function.
Thus, acquisition aids have been developed to assist users
acquire a target. For example, one acquisition aid “magne-
tizes” a target so that a pointer 1s drawn to the target when
located less than a predetermined distance away from the
target. A drawback to this approach 1s that the size of a target
1s elfectively enlarged when magnetized so that other GUI
objects located less than the predetermined distance from the
target are ditlicult to acquire. Another acquisition aid makes
a target “sticky” so that movement of the pointer on the
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target 1s not proportional to input received from the user.
Stated diflerently, pointer movement 1s adjusted on the target
so that a proportionally larger amount of mnput 1s required to
allect movement of the pointer. While this approach helps
users keep the pointer on a target, acquiring the target may
still be diflicult.

Typically, GUIs display more than one target and the user
does not always want to acquire a target that has an
acquisition aid. In this mstance, the acquisition aid generates
side eflects that distort pointer movement away from the
user’s intended target. In the simplest form, an acquisition
aid could automatically move the pointer to the target
regardless of the input received from the user. While a target
with this type of acquisition aid would be easy to acquire
with the pointer, the side eflects of this type of acquisition
aid are vast as the user 1s not able to acquire any other targets
on the computer display.

What 1s needed 1s a system and method for assisting users
in acquiring a target that minimizes side eflects. Desirably,
the system and method are easy to use and do not require
knowledge or training on the part of the user. The present
invention addresses these needs and other shortcomings that
currently exist.

SUMMARY OF THE INVENTION

The present invention 1s generally directed to assisting
users 1n positioning a pointer on a target. More specifically,
embodiments of the present invention provide a system,
method, and computer-readable medium that guide a pointer
toward a target. After the pointer 1s located on a target,
pointer movement continues to be adjusted so that the user
may easily keep the pointer located on the target. One
embodiment of the present invention 1s a method that adjusts
pointer movement when mput causes the pointer to intersect
with either a target or a guide area (heremafter collectively
referred to as “adjustment zones). The method 1s 1mple-
mented by a set of event-driven routines that determine 11 the
projected movement of a pointer will intersect an adjustment
zone. If the projected movement does not intersect an
adjustment zone, already realized pointer positioning sofit-
ware computes the coordinate position of the pointer. Con-
versely, 11 the projected movement does ntersect an adjust-
ment zone, aspects of the present invention compute an
adjusted coordinate position for the pointer. The calculation
that computes an adjusted coordinate position for the pointer
adjusts pointer movement so that positioning the pointer on
the target 1s easy.

In accordance with another aspect of the present imven-
tion, the amount that pointer movement 1s adjusted in an
adjustment zone, such as a guide area, depends on the
distance the pointer 1s located from the target. Event-driven
routines determine the location of the pointer 1n a guide area.
The closer the pointer i1s located to the target, the more
pointer movement 1s adjusted toward the target. This aspect
of the present invention, which makes adjustment of pointer
movement dependent on the pointer’s location from the
target, minimizes side eflects caused by guide areas.

In accordance with other aspects of the present invention,
guide areas that would normally overlap are redefined so
that they do not overlap. Since GUIs typically display more
than one target, the possibility exists that targets close in
proximity may have associated guide areas that overlap.
Because overlapping guide areas would cause undesirable
adjustment of pointer movement, aspects of the present
invention redefine the size and location of guide areas to
prevent them from overlapping.
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In one embodiment of the present invention, a computer
device 1s described that adjusts pointer movement when

input causes the pointer to intersect with one or more
adjustment zones. The computer device includes an operat-
ing system 1n communication with various components
including an input device, a computer display, a movement
adjustment module, and one or more application programs.
The movement adjustment module 1s configured to adjust
the coordinate position of the pointer when the pointer
intersects an adjustment zone.

In still another embodiment, a computer-readable medium
1s provided with contents (1.e., a program) that cause a
computer device to operate 1n accordance with the method
described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same become better understood by reference to the
tollowing detailed description, when taken 1in conjunction
with the accompanying drawings, wherein:

FIG. 1 1s a block diagram of the computer device includ-
ing a movement adjustment module that 1s suitable for
adjusting pointer movement in accordance with the present
imnvention;

FIG. 2 1s a pictorial depiction of a section of computer
display that illustrates pointer movement in accordance with
the prior art;

FIG. 3 1s a pictorial depiction of the section of the
computer display illustrated in FIG. 2, wherein one pixel of

the computer display 1s designated as a guide area in
accordance with the present invention;

FIG. 4 1s a pictorial depiction of the section of computer

display with guide areas that assist users in acquiring a target
in accordance with the present imvention;

FIG. 5 1s a pictonial depiction of a section of computer

display with guide areas that assist users in acquiring a target
in accordance with the present invention;

FIG. 6 1s a pictonial depiction of a section of computer

display with guide areas that assist users in acquiring a target
in accordance with the present invention;

FIG. 7 1s a pictonial depiction of a section of computer
display with a target and guide areas that assist users in
acquiring a target 1n accordance with the present invention;

FIG. 8 1s a pictorial depiction of a section of computer

display with two targets and overlapping guide areas that
would cause undesirable adjustment of pointer movement;

FIG. 9 1s a pictonial depiction of the section of computer
display 1llustrated 1n FIG. 8 wherein the size and location of
overlapping guide areas are changed to prevent undesirable
adjustment of pointer movement;

FI1G. 10 1s a pictorial depiction of the section of computer
display 1llustrated 1n FIG. 8 wherein the size and location of
overlapping guide areas are changed to prevent undesirable
adjustment of pointer movement;

FIG. 11 1s a flow diagram illustrating one exemplary
embodiment of a pointer positioning method that determines
how to adjust pointer movement in accordance with the
present ivention;

FIG. 12 1s a flow diagram illustrating one exemplary
embodiment of a calculation method that calculates an
adjusted pointer position when the pointer intersects an
adjustment zone, suitable for use in FIG. 11;
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FIG. 13 1s a pictonial depiction of a representative direc-
tional friction curve that illustrates calculation of resistance
to pointer movement 1n accordance with the present inven-
tion;

FIG. 14 1s a pictorial depiction of a representative direc-
tional friction curve that illustrates calculation of resistance
to pointer movement 1n accordance with the present inven-
tion;

FIG. 15 15 a pictonial depiction of the directional friction
curve illustrated i FIG. 13 that depicts calculation of
resistance to poimnter movement in accordance with the
present invention; and

FIG. 16 15 a pictorial depiction of a section of computer
display with guide areas that assist users 1n acquiring a target
in accordance with the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention provide a system,
method, and computer-readable medium that adjust pointer
movement when an input device causes the pointer to
intersect with an adjustment zone. As known to those skilled
in the art and others, a pointer 1s a pictorial depiction used
to 1input information 1nto a computer device and 1s typically
represented with an arrow. However, pointers may be rep-
resented with any pictorial depiction capable of identifying
a “hot spot” on a computer display. In accordance with the
present 1nvention, pointer movement 1s adjusted to help
users place a pointer on a target. After the pointer 1s located
on the target, pointer movement continues to be adjusted so
that the position of the pointer may be maintained.

The following description first provides an overview of a
system 1n which the present mnvention may be implemented.
Then a method that adjusts pointer movement when 1nput
causes the pointer to intersect one or more adjustment zones,
which 1s shown 1n accompanying diagrams, 1s described.
The illustrative examples described herein are not intended
to be exhaustive or to limit the invention to the precise forms
disclosed. Similarly, any steps described herein may be
interchangeable with other steps, or several combinations of
steps, 1n order to achieve the same resullt.

FIG. 1 provides an exemplary overview of a computer
device 100 in which embodiments of the mnvention may be
implemented. The computer device 100 includes a computer
display 102, an operating system 104, a movement adjust-
ment module 106, an application 108, and an mput device
110. The computer device 100 may be any one of a variety
of devices including, but not limited to, personal computer
devices, server-based computer devices, personal digital
assistants, cellular telephones, other electronic devices hav-
ing some type of memory, and the like. For ease of 1llus-
tration and because they are not important for an under-
standing of the present invention, FIG. 1 does not show
some of the typical components of many computer devices,
such as memory, keyboard, central processing unit, and the
like.

The operating system 104 may be a general-purpose
operating system, such as a Microsolt® operating system,
UNIX® operating system, or Linux® operating system. As
known to those skilled in the art and others, the operating
system 104 controls the general operation of the computer
device 100 and 1s responsible for management of hardware
and basic system operations, as well as running applications.
More specifically, the operating system 104 ensures that
computer programs, such as application 108, are able to use
hardware resources. As illustrated 1n FIG. 1, the operating
system 104 communicates with the computer display 102,
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which may include typical display devices, such as a moni-
tor (e.g., CRT or LCD screen), a television, etc. The com-
puter display 102 1s suitable to display a pointer and other
GUI objects.

The computer device 100 1s configured to execute com-
puter programs, such as application 108, which cause GUI
objects to be displayed on the computer display 102. Appli-
cation 108 may be any computer program which displays
GUI objects including, but not limited to, editors, word
processors, spreadsheets, browsers, computer-aided design,
and the like.

The mput device 110 interacts with a user and the oper-
ating system 104 to specily event-driven routines to execute.
As known to those skilled in the art and others, the mput
device 110 may be any device capable of controlling a
pointer on the computer display 102 including a mouse,
trackball, touch pad, etc. In some computer devices the input
device 110 may be contained within the same housing as the
computer device 100. Such arrangements are commonly
found where the computer device 1s a notebook computer.
The user may operate the iput device 110 to mampulate and
relocate the pointer and activate the pointer at designated
positions on the computer display 102. The operating system
104 monitors pointer movement and other pointer events
and provides a mechanism for computer programs, such as
application 108, to perform actions in response to these
events.

As will be better understood from the following descrip-
tion, embodiments of the present invention are implemented
by a set of event-driven routines located 1n the movement
adjustment module 106. As illustrated 1n FIG. 1, the move-
ment adjustment module 106 1s mterconnected and able to
communicate with the operating system 104. As described 1n
more detail below, the operating system 104 notifies the
movement adjustment module 106 when the mput device
110 1s generating pointer movement. I the projected pointer
movement intersects an adjustment zone aspects ol the
present invention compute the coordinate position of the
pointer. The calculation adjusts pointer movement so that a
target 1s easy to acquire with the pointer. The operating
system 100 receives adjusted coordinate positions from the
movement adjustment module 106 and causes the computer
display 102 to display the pointer at the adjusted coordi-
nates.

When software formed 1n accordance with the invention
1s 1implemented 1n a computer device, for example of the
type 1illustrated in FIG. 1, the computer device provides a
way for users to easily acquire a target. Allowing a user to
casily acquire a target enhances the computer experience by
making a GUI easier to use.

For illustrative purposes, a representative section of com-
puter display 200 1s depicted i FIG. 2. As known to those
skilled 1n the art, a computer display 1s composed of pixels,
which are the basic units used to represent images. Pixels are
so small and numerous that, when displayed, they appear to
merge mnto a single smooth 1mage. The number of pixels
represented on a computer display 1s called the pixel reso-
lution. Typically, pixel resolutions are expressed as a pair of
numbers, such as 640x480, which indicates that a computer
display 1s composed of 640 pixels horizontally and 480
pixels vertically (or 640x480=307,200 pixels total). FIG. 2
1s a pictorial depiction of a sample section of computer
display 200 that contains a set of highly magnified pixels.
More specifically, the sample section of computer display
200 contains pixels 202, 204, 206, a pointer 208, and a path
210 that represents pointer 208 movement. As shown 1n FIG.
2, a user-employed input device, such as mput device 110,
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1s used to relocate the pointer 208 across pixels 202, 204,
and 206. The pointer 208 movement 1llustrated 1n FIG. 2 1s
not adjusted by embodiments of the present mnvention.

FIG. 3 1s an alternative illustration of the sample section
of computer display 200 depicted in FIG. 2 wherein pixel
204 1s designated as a guide area 1n accordance with the
present invention. The path 300 generated by the pointer 208
in FIG. 3 1s representative of the same mput device move-
ment as the path 210 illustrated 1n FIG. 2. However, when
the pointer 208 intersects pixel 204 (FIG. 3), embodiments
of the present invention adjust movement of the pointer 208
downward. In typical computer devices, there 1s a linear
mapping between pointer movement and movement of an
input device, such as a mouse. Embodiments of the present
invention redefine the mapping between pointer and 1nput
device movement 1n adjustment zones. For example, pixel
204 1n FIG. 3 requires three times as much horizontal
movement from the input device (i.e., mouse distance move-
ment) to traverse horizontally as pixel 204 in FIG. 2. The
mapping of movement between mput device and pointer 1s
redefined in pixel 204 (FIG. 3) to guide the pointer 208 in
a specific direction.

A representative section of computer display 400 that
illustrates how guide areas help users acquire a target is
depicted 1n FIG. 4. More specifically, the computer display
400 1ncludes a pointer 208, guide areas 402 and 404, a target
406, and a path 408 that represents pointer 208 movement.
As shown 1n FIG. 4, a user-employed input device, such as
input device 110, 1s used to relocate the pointer 208 across
guide areca 402. Embodiments of the present invention
redefine the mapping between pointer and mput device
movement 1n guide arca 402 and adjust pointer 208 move-
ment toward the target 406. The projected path 410 of the
pointer 208 without adjustment by the present invention 1s
also 1llustrated in FI1G. 4. When the pointer 208 intersects the
guide arca 402, the pointer 208 1s prevented from continuing
on the current path 410. Instead, the pointer 208 changes
direction because the mapping between input device move-
ment and pointer movement 1s redefined 1n guide area 402
to adjust pointer 208 movement 1n a specific direction
toward the target 406. As described 1n detail below, guide
areas, such as guide areas 402 and 404 are building blocks
that may be used to adjust pointer movement 1n any direc-
tion. Also guide arecas may be combined in numerous
configurations and shapes depending on their intended pur-
pose.

As described above, the present invention supports guide
areas that adjust pointer movement in any direction. Typi-
cally, guide areas will be permeable barriers that merely
adjust pointer movement toward a target. Stated differently,
a user that does not want to acquire a target may traverse a
target’s associated guide areas and proceed in the desired
direction. However, the strength of a guide area may be
adjusted by any amount including an amount that creates an
impenetrable barrier to pointer movement.

Another representative section of computer display 500 1s
depicted in FIG. 5 wherein an exemplary aspect of the
present invention that helps users acquire a target 1s 1llus-
trated. The computer display 500 includes a target 502,
guide arcas 504, 506, 508, 510, a pointer 208, and a path 512
that represents pointer 208 movement. The target 502 illus-
trated 1n FI1G. 5 1s composed of nine (9) pixels 1n a 3 x3 pixel
square. The dashed lines mside each pixel of the target 502
indicate that pointer 208 movement 1s adjusted 1n the target
502 so that a proportionally greater amount of input (i.e.,
mouse distance movement) 1s required to cause a predeter-
mined amount of pointer 208 movement. In other words, the
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ratio of input device distance movement to pointer distance
movement changes when the pointer 208 intersects the
target 502. As illustrated, the amount of mput device dis-
tance movement required to traverse the target 502 1in any
direction 1s three (3) times greater than the amount required
to traverse areas ol the computer display 200 that are not
designated as a target. A more detailed explanation of a
method, system, and computer-readable medium that adjusts
pointer movement inside one type of target, may be found in
commonly assigned, co-pending U.S. patent application Ser.
No. 10/828,890, titled System and Method for Aligning
Objects Using Non-Linear Pointer Movement, and filed
concurrently herewith, the content of which 1s expressly
incorporated herein by reference.

As 1llustrated 1n FIG. 5, each guide area 504, 506, 508,
and 3510 1s a rectangular shape. Guide areas 504 and 508 are
cach composed of two (2) pixels 1n a 1x2 pixel rectangle.
Similarly, guide areas 506 and 510 are composed of two (2)
pixels 1n a 2x1 pixel rectangle. The dashed lines inside the
guide areas 504, 506, 508, and 510 indicate that pointer 208
movement 1s adjusted in each guide area so that a propor-
tionally greater amount of input (1.e., mouse distance move-
ment) 1s required to cause a predetermined amount of
pointer 208 movement in one component direction. In other
words, the ratio of mouse distance movement to pointer
distance movement 1s different in guide areas than other
arcas ol the computer display 500. Each guide area adjusts
pointer movement toward the target 502 when intersected
with the pointer.

FI1G. 5 1llustrates the effect that changing the ratio of input
device distance movement to pointer 208 distance move-
ment 1n one component direction of the guide area 504 has
on movement of the pointer 208. The path 512, which 1is
indicative of pointer movement, represents mput device
movement with constant speed and direction. Even though
the mput device has constant speed and direction, the pointer
208 changes direction toward the target 502 when the guide
area 504 1s mtersected. As shown 1n FIG. 5, traversing the
guide area 504 horizontally requires three times as much
horizontal movement from an input device as other areas of
the computer display 500. However, traversing the guide
arca 504 vertically does not require any more vertical
movement from the mput device. Stated differently, while
the mapping of horizontal input device movement to pointer
movement 1n guide areca 504 1s non-linear, the mapping of
vertical mput device movement to pointer movement
remains linear. As a result, the pointer 208 changes direction
toward the target 502 when the guide area 504 1s intersected.

FIG. 5 1illustrates the primary difference between adjust-
ment of pointer movement 1n a target compared to adjust-
ment of pomnter movement 1n a guide area. In a target,
pointer movement 1s adjusted by the same proportional
amount 1n all component directions. Stated differently, the
ratio of mput device movement to pointer device movement
1s the same in all component directions of a target. Con-
versely, 1n guide areas, an imbalance exists. Pointer move-
ment 1n one component direction requires a proportionally
greater amount of mnput device movement than other com-
ponent directions.

FIG. 6 1llustrates the sample section of computer display
500 depicted i FIG. 5, where the pointer 208 intersects
guide area 506. Similar to FIG. 5, a user employed 1nput
device, such as mput device 110, 1s used to relocate the
pointer 208. As illustrated 1n FIG. 6, when the pointer 208
intersects guide area 506, embodiments of the present inven-
tion adjust movement of the pointer toward the target 502.
Vertical traversal of guide area 506 with the pointer 208
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requires three times as much vertical movement from an
input device as other areas of the computer display 500.
Similar to FIG. 5, the path 600 1s generated by 1nput device
movement of constant speed and direction. Collectively,
FIGS. 5-6 illustrate that a pointer may be guided in any
direction by adjusting the mapping of mput device move-
ment to pointer movement.

As 1llustrated in FIGS. 5 and 6, the mapping of 1nput
device movement to pointer movement 1s redefined in guide
areas 504, 506, 508, 510 to guide the pointer toward the
target 502. After the pointer 1s located on the target 502,
pointer movement continues to be adjusted so that the
pointer’s location on the target may be easily maintained.
The adjustment of pointer movement illustrated in FIGS. 5-6
may be altered to fulfill the needs of a graphical user
interface. For example, additional or fewer guide areas may
be included with a target. Obviously, when additional or
tewer guide areas are included with a target, the size of the
funnels (1.e., angle between guide areas) also changes. A
target with a higher number of guide areas and correspond-
ingly smaller funnels has a greater eflect on pointer move-
ment than a target with fewer guide areas and larger funnels.
Thus, the relationship between target 302 and guide areas
504, 506, 508, and 510, illustrated in FIGS. 5 and 6, may be
altered to 1nclude additional or fewer guide areas to match
the needs of the graphical user intertace.

The guide areas 1llustrated 1n FIGS. 5 and 6 are permeable
barriers that help users place a pointer on a target. However,
guide areas generate side eflects that distort pointer move-
ment when a user 1s not attempting to place a pointer on a
target. FIG. 7 depicts a representative section of computer
display 700 that will be used to describe an aspect of the
present invention that reduces side eflects caused by guide
areas. Similar to FIGS. 5 and 6, the computer display 700
includes a target 702, a guide area 704, a pointer 208, and a
path 706 that represent pointer 208 movement. Guide area
704 1s composed of three (3) pixels 1n a 1x3 pixel rectangle
that adjust pointer movement toward the target 702. How-
ever, adjustment of the pointer 208 depends on the distance
the pointer 208 1s located from the target 702. In the aspect
of the invention illustrated in FIG. 7, an assumption 1s made
that a higher likelihood exists that a user 1s attempting to
place a pointer on target 702 when pointer movement 1s
being generated close to the target. Thus, the area 1n a guide
area where the mapping between mput device movement
and pointer movement 1s non-linear tapers or decreases as a
guide area extends away from the target 702.

For the sake of convenience, much of the description
herein 1s provided in the context of specific guide areas
having certain qualities. It should be well understood that the
examples provided herein are only 1illustrative and should
not be construed as limiting of the invention. For example,
cach guide area illustrated 1n FIGS. 4-7 1s depicted as being
one pixel in width. However, guide areas may by any width
and the invention 1s not limited to the specific applications
illustrated herein.

As 1llustrated 1n FIGS. 5-7, guide areas are located
adjacent to a target. Typically, GUIs contain more than one
target, and targets close 1n proximity may cause guide areas
to overlap. Instead of permitting guide areas to overlap and
compete for a pointer, embodiments of the present invention
adjust the size and/or location of guide areas so they do not
overlap. A representative section of computer display 800 1s
depicted in FIG. 8 that shows two targets with overlapping
guide areas. The computer display 800 includes target 802
with associated guide areas 804 and 806, and target 808 with
associated guide areas 810 and 812. As illustrated in FIG. 8,
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guide areas 806 and 810 overlap because targets 802 and 808
are close 1n proximity. A pointer intersecting guide areas 806
or 810 will be guided toward the overlap area 814. Adjusting
pointer movement toward an area of the computer display
that 1s not a target 1s undesirable. As described below with
reference to FIGS. 9 and 10, the present invention adjusts the
size and location of guide areas to prevent them from
overlapping.

FIG. 9 illustrates the representative section of computer
display 800 depicted in FIG. 8, wherein an embodiment of
the present invention adjusts the length of guide arcas 806
and 810 to prevent them from overlapping. As described
turther below with reference to FIGS. 11 and 12, the present
invention 1s able to recognize when guide areas share the
same area on a computer display (1.e., overlap) by compar-
ing the coordinate positions occupied by the guide areas. As
illustrated 1n FIG. 9, an embodiment of the present invention
adjusts the length of gmide arcas 806 and 810 to prevent
them from overlapping.

FIG. 10 illustrates an alternative embodiment of the
present invention that adjusts the size and location of guide
areas to prevent them from overlapping. Similar to FIGS. 8
and 9, the representative section ol computer display 800
illustrated 1n FIG. 10 includes targets 802 and 808, and guide
arcas 804 and 812. Unlike the embodiment illustrated 1n
FIG. 9, the embodiment illustrated in FIG. 10 replaces
overlapping guide areas 806 and 810 with new guide areas
1000 and 1002. The new guide areas 1000 and 1002 extend
outward from their respective targets toward the competing
target.

For reasons of convenience, FIGS. 9 and 10 1llustrate two
targets with competing guide areas. It should be well under-
stood that embodiments of the present invention may pre-
vent more than two guide areas from overlapping. Thus, the
depiction of two targets 1n FIGS. 9 and 10 1s only illustrative
and does not serve to limit the general application of the
invention.

FIG. 11 1s a flow diagram illustrating one exemplary
embodiment of a pointer positioning method 1100 formed 1n
accordance with the present invention. In summary, the
pointer positioning method 1100 receives notice that an
input device 1s generating pointer movement. The method
1100 determines 11 the projected movement of the pointer
will intersect an adjustment zone, such as a target or guide
area. I the projected movement does not intersect an adjust-
ment zone, already realized (1.e., previously developed)
pointer positioning soltware computes the new position of
the pointer. Conversely, 1 the projected movement does
intersect an adjustment zone, aspects of the present inven-
tion compute an adjusted position for the pointer. With
continuing reference to FIGS. 1-10 and the accompanying
descriptions, an exemplary pointer positioning method 1100
illustrated 1n FIG. 11 will now be described.

The pointer positioning method 1100 begins at decision
block 1102 where the method 1100 determines whether two
or more guide areas overlap. The present invention main-
tains an interface that allows computer programs, such as
application 108, to define and use adjustment zones, 1nclud-
ing guide areas. Aspects of the present invention track the
shape, location, and size of all adjustment zones on the
computer display. The method 1100 1s able to determine
whether two or more guide areas overlap by comparing the
coordinate positions occupied by the guide areas. If two or
more guide areas do not overlap, the method 1100 proceeds
to block 1104 described below.

If two or more guide areas overlap, the method 1100
proceeds to block 1104 where the size and/or location of the
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guide areas identified at block 1102 are adjusted. As
described above with reference to FIGS. 9 and 10, aspects of
the present mvention either adjust the length of overlapping
guide areas or replace them with new guide areas that extend
outward toward a competing target.

At block 1106, the pointer positioning method 1100 waits
for a pointer movement event. An iput device, such as iput
device 110, will generate a pointer movement event and
communicate the event to the operating system 104 when
moved by a user. As described above, existing systems allow
event-driven routines to receive notice of pointer movement
events and perform actions 1n response to the events. In an
exemplary embodiment, the event-driven routines of the
present invention are implemented as callback functions
which are routines passed directly to the operating system
104 as parameters 1n a function call. When the operating
system 104 receives a pointer movement event, execution of
blocks 1106-1124 is mitiated by the operating system 104.

Upon receipt of a pointer movement event, the pointer
positioning method 1100 proceeds to block 1108 where the
method 1100 obtains the current and projected position of
the pointer. As known to those skilled in the art, the
coordinate position of a pointer 1s generally represented as
a 2-tuple that includes an x-coordinate and a y-coordinate.
One location on a computer display 1s designated as the
origin with the value of the 2-tuple being (0,0). When an
input device generates a pointer movement event, routines
that implement the present invention receive the current and
projected position of the pointer from the operating system
104. The pointer positioning method 1100 and the calcula-
tion method 1200 (described below) adjust pointer move-
ment for every pointer movement event generated by a user.
Since pointer movement events typically cause a pointer to
move across multiple pixels on a computer display, calcu-
lations that determine adjustment amounts account for
pointer movement across multiple pixels. Stated diflerently,
in order to calculate an adjusted coordinate position for a
pointer alter a pointer movement event, a total adjustment
amount for each event 1s calculated.

After the pointer positioning method 1100 obtains the
current and projected coordinate positions of the pointer, the
pointer’s projected velocity 1s computed. At block 1110, the
method 1100 obtains the time 1nterval for the pointer move-
ment event received at block 1106 and computes the pointer
movement velocity using mathematical functions and com-
puter-implemented routines generally known in the art.

After the pointer movement velocity 1s known, the pointer
positioning method 1100 proceeds to decision block 1112
where the method 1100 determines whether the pointer
movement velocity computed at block 1110 1s higher than a
predetermined threshold. In one embodiment of the present
invention, pointer movement 1s not adjusted in an adjust-
ment zone when the projected velocity of the pointer 1s
higher than a predetermined threshold. In this embodiment,
the method 1100 assumes that a user generating rapid
pointer movement 1s not attempting to place a pointer on a
target. I the projected pointer velocity i1s higher than the
predetermined threshold, the method 1100 proceeds to block
1122 described below. Conversely, 11 projected pointer

velocity 1s lower than or equal to the predetermined thresh-
old, then the method 1100 proceeds to decision block 1114.

At decision block 1114, the method 1100 determines
whether the pointer movement event received at block 1106
causes the pointer to intersect an adjustment zone. The
present invention maintains an interface that allows com-
puter programs, such as application 108, to define adjust-
ment zones such as targets and guide areas. Aspects of the
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present imvention track the shape, location, and size of all
adjustment zones. The method 1100 1s able to determine
whether the pointer movement event received at block 1106
causes the pointer to intersect an adjustment zone by com-
paring the projected movement of the pomnter with the
coordinate positions occupied by adjustment zones. If the
projected movement of the pointer does not intersect an
adjustment zone, the method 1100 proceeds to block 1122
described below. Conversely, 11 the projected movement of
the pointer does intersect an adjustment zone, the method
1100 proceeds to block 1116.

Since the projected movement of the pointer intersects an
adjustment zone, an aspect of the present invention com-
putes an adjusted coordinate position for the pointer. At
block 1116, the adjusted coordinate position 1s calculated.
One embodiment of a method for calculating an adjusted
pointer position 1n accordance with the present invention 1s
described below with reference to FIGS. 12-14.

At block 1118, the pointer positioning method 1100
replaces the projected coordinate position of the pointer with
the adjusted coordinate position calculated at block 1116. At
block 1118, the method commumnicates the adjusted coordi-
nate position to the operating system 104 with software
engineering techniques generally known 1n the art. Also at
block 1118, the method passes information to the operating,
system 104 that indicates whether the pointer intersected a
target so that computer programs that implement the present
invention may provide visual, auditory, or tactile feedback to
users when the pointer 1s placed on a target.

At decision block 1120, a test 1s conducted to determine
whether the event received at block 1106 causes the pointer
to 1ntersect another adjustment zone. As described above at
block 1114, the method 1100 determines whether an event
causes the pointer to intersect an adjustment zone by com-
paring the projected movement of the pointer with the shape,
location, and size of existing adjustment zones. If the
projected movement of the pointer intersects another adjust-
ment zone, the method 1100 proceeds back to block 1116
and blocks 1116 through 1120 are repeated until all adjust-
ments to pointer movement are made. Thus, when a pointer
event causes the pointer to intersect multiple adjustment
zones, calculation of adjustment amounts occurs 1n the order
ol mtersection. If the projected movement of the pointer
does not 1ntersect another adjustment zone, then the method
1100 proceeds to block 1122.

At block 1122, the pointer 1s rendered for viewing at the
coordinate position calculated at block 1116. Since existing
systems that render the pointer for viewing on a computer
display are well known to those skilled in the art, the pointer
rendering process 1s not described here. Then at block 1124,
the pointer positioning method 1100 terminates.

FIG. 12 1s a flow diagram illustrating one exemplary
embodiment of a calculation method 1200 that calculates an
adjusted coordinate position when a pointer intersects an
adjustment zone. With continuing reference to FIGS. 1-11
and the accompanying descriptions, the exemplary calcula-
tion method 1200 illustrated in FIG. 12 will now be
described. The calculation method 1200 begins at block
1202 where the method 1200 determines the coordinate
position that the pointer intersects an adjustment zone. As
described above, aspects of the present invention receive the
current and projected coordinate position of the pointer and
track the size, shape, and location of all adjustment zones.
With this information, the calculation method 1200 1s able to
calculate the coordinate position where the pointer intersects
an adjustment zone using mathematical functions and com-
puter implemented routines generally known 1n the art.
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At block 1204 the projected movement of the pointer 1s
decomposed 1nto directional components. The movement of
any entity, such as a pointer, 1s capable of being expressed
mathematically as a vector. As known to those skilled in the
art and others, a vector 1s a quantity that has both a
magnitude and a direction. In a two-dimensional environ-
ment, pointer movement may be decomposed into a hori-
zontal component and a vertical component which permits
calculation of the change in pointer position 1 both the
vertical and horizontal directions, respectively.

At block 1206, the calculation method 1200 selects a
directional component of the pointer’s movement. For each
directional component selected, the calculation method 1200
adjusts the projected movement of the pointer 1n the selected
component direction. For the sake of convenience, much of
the description herein 1s provided in the context of a two
dimensional environment where adjustment occurs in the
vertical direction and the horizontal direction. However, it
should be well understood that the present invention 1s also
applicable 1n other environments, such as three-dimensional
environments. References and examples herein to two-
dimensional environments are only illustrative and should
not be construed as limiting the applications of the inven-
tion.

At block 1208, the calculation method 1200 obtains a
directional friction curve that quantifies resistance to pointer
movement in the selected component direction of the adjust-
ment zone that the pointer will intersect. The amount that
pointer movement 1s adjusted depends on three variables: (1)
friction factor, (2) adjustment zone size, and (3) shape of the
friction curve. Friction factor 1s a variable that quantifies the
degree 1n which pixels 1n an adjustment zone resist pointer
movement 1n one component direction. As described above
with reference to FIGS. 4 and 5, the degree 1n which pixels
resist pointer movement (1.e., Iriction factor) in one com-
ponent direction may vary depending on the purpose of the
GUI. Also, the friction factor may also vary depending on
attributes of pointer movement. For example, a user gener-
ating rapid pointer movement 1s less likely to be attempting
to place a pointer on a target. Resistance to pointer move-
ment may be made dependent on other variables such as
pointer velocity. Adjustment zone size (i.e., the number of
pixels n a component direction) aflects adjustment of
pointer position in that larger adjustment zones cause greater
total resistance to pointer movement than smaller adjustment
zones with the same {friction factors. Exemplary iriction
curves are 1llustrated 1n FIGS. 13-15 and discussed 1n greater
detail below. In summary, a friction curve plots the size of
an adjustment zone 1 one component direction against the
friction factor assigned to the adjustment zone so that
necessary adjustments to pointer movement may easily be
calculated.

For illustrative purposes, representative directional fric-
tion curves are illustrated i FIGS. 13-15. In the example
illustrated 1n FIG. 13, adjustment zone size (1.e., number of
pixels 1n a component direction) 1s plotted on the x-axis and
the friction factor 1s plotted on the y-axis. FIG. 13 illustrates
a constant directional friction curve 1300, 1.e., a constant
resistance to pointer movement directional friction curve. As
described above with reference to FIG. 11, the present
invention allows computer programs, such as application
108, to define adjustment zones of different size, shape, and
location. Also, as described above, adjustment zones may be
defined with different values assigned to their friction factor,
which allows developers to customize adjustment zones to
match the needs of a GUI. In alternative applications of the
present mnvention, the velocity of a pointer 1s increased 1n an
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adjustment zone. In this embodiment, the friction factor
assigned to an adjustment zone 1s smaller than the friction
factor assigned to areas of a computer display that generate
linear pointer movement. Typically, a friction factor of one
(1) 1s assigned to areas of the computer display that generate
linear pointer movement. Thus, a friction factor that is
greater than the value one (1) will create resistance to pointer
movement and a value less than one (1) will cause the
velocity of the pointer to increase. Aspects of the present
invention track the attributes of adjustment zones and gen-
erate directional friction curves, such as directional friction
curve 1300.

FI1G. 14 1llustrates a directional friction curve 1200 that 1s
not linear in that resistance to pointer movement 1n an
adjustment zone varies depending on the pointer’s location
in the adjustment zone. Similar to FIG. 13, the size of the
adjustment zone (1.e., number of pixels mm a component
direction) 1s plotted on the x-axis and the friction factor
assigned to the adjustment zone 1s plotted on the y-axis. In
one embodiment of the present invention, computer pro-
grams may define adjustment zones with riction factors that
are not constant. Again, aspects ol the present immvention
track the attributes assigned to adjustment zones and gen-
erate appropriate directional friction curves.

Returming to FIG. 12, the calculation method 1200, at
block 1210, computes the total area under the directional
friction curve obtained at block 1208. As will be described
in more detail below, the area under a directional friction
curve 1s a measure of total resistance to pointer movement
over one component direction of an adjustment zone. In
some 1nstances, pointer movement will be adjusted by the
total area under a directional friction curve. In other
instances, a portion of the area under a directional friction

curve 1s used to calculate an adjustment amount.

At decision block 1212, a test 1s conducted to determine
whether the area under the directional friction curve, calcu-
lated at block 1210, 1s larger than the projected movement of
the poimnter 1n the selected component direction after the
pointer mtersects the adjustment zone. If the area under the
directional friction curve 1s larger than the pointer’s pro-
jected movement after intersecting the adjustment zone, the
pointer will remain inside the adjustment zone. In this
instance, a portion of the area under the directional friction
curve 1s used to calculate an adjustment amount. Conversely,
if the area under the directional friction curve 1s not larger
than the pointer’s projected movement, the pointer waill
move outside the adjustment zone. In this istance, the total
area under the directional friction curve, which represents
total resistance to pointer movement in one component
direction of an adjustment zone 1s the adjustment amount. If
the area under the directional friction curve 1s larger than the
pointer’s projected movement, the calculation method 1200
proceeds to block 1216 described below. Conversely, i1 the
area under the directional friction curve is not larger than the

selected directional component of the pointer’s velocity, the
method 1200 proceeds to block 1214.

At block 1214, the calculation method 1200 reduces
pointer movement 1n the selected component direction by
the total area under the directional Iriction curve. For
example, 11 the projected movement of the pointer after
intersecting an adjustment zone that 1s ten (10) pixels 1n
length 1s fifty (30) pixels and the area under the directional
friction curve 1s thirty (30) units, the final pointer movement
in the component direction 1s twenty (20) pixels (50 pixels—
30 pixels=20 pixels) plus the length of the adjustment zone.
Since the adjustment zone 1s ten (10) pixels in length, the
total pointer movement 1s thirty (30) pixels (20 pixels+10
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pi1xels=30 pixels). Then the method 1200 proceeds to block
1218 described 1n detail below.

If the calculation method 1200 reaches block 1216, the
area under the directional friction curve 1s more than the
projected pointer movement after intersecting the adjust-
ment zone. In this situation, a portion of the area under the
directional friction curve is used to calculate an adjustment
amount. As described above with reference to FIGS. 13 and
14, the size (1.e., number of pixels in a component direction)
of an adjustment zone 1s plotted on the x-axis of a directional
friction curve. At block 1216, the calculation method 1200
determines the point on the x-axis where the area under the
directional friction curve 1s equal to the projected movement
of the pointer after intersecting the adjustment zone. The
area under the directional friction curve before this point 1s
used to calculate an adjustment amount.

Calculation of the adjustment amount at block 1216 1s
best described with an example. FIG. 15 1s an illustration of
the directional friction curve 1300 depicted 1n FIG. 13. As
described above, the directional friction curve 1300 plots the
size ol an adjustment zone (1.e., number of pixels 1n a
component direction) on the x-axis and the friction factor on
the y-axis. Together these variables form a directional fric-
tion curve 1300 where constant resistance to pointer move-
ment 1 one component direction 1s generated. As 1llustrated
in FIG. 15, the total area 1500 under the direction friction
curve 1300 1s equal to 50 units (5 friction factorx10 pix-
els=50 unaits). It the projected movement of the pointer after
intersecting the adjustment zone 1s forty (40) pixels, then the
adjustment amount 1s equal to thirty-two (32) pixels. As
described above, the calculation method 1200 determines
the point 1502 on the x-axis of the directional friction curve
1300 where the area under the curve 1s equal to the projected
movement of the pointer. In the example 1llustrated 1n FIG.
15, the point 1502 on the x-axis where the area under the
directional friction curve equals the projected movement 1n
the selected component direction 1s at 8 pixels. The point
1502 on the x-axis where the area under the directional
friction curve equals the projected movement 1s subtracted
from the projected movement to obtain the adjustment
amount. In the example illustrated in FIG. 15, the adjustment
amount 1s equal to thirty-two (32) pixels (40 pixels-8
pixels=32 pixels) and the final pointer movement in the
selected component direction 1s eight (8) pixels (40 pixels—
32 pixels=8 pixels).

Returning to FIG. 12, at decision block 1218, a test 1s
conducted to determine whether all directional components
of the pointer’s movement have been adjusted. If a direc-
tional component of the pointer’s movement has not been
adjusted, the calculation method 1200 proceeds back to
block 1208 and blocks 1208 through 1218 are repeated until
adjustments are made 1n the necessary component direc-
tions. Conversely, 1f all necessary adjustments have been
made then the method 1200 proceeds to block 1220 where
it terminates.

It should be understood that embodiments of the present
invention may be combined in different ways than described
above. For example, FIGS. 5-7 and the accompanying
descriptions depict guide areas 1n combination with a target.
In accordance with these embodiments, pointer movement 1s
adjusted 1n guide areas to help users place a pointer on a
target. After the pointer 1s located on the target, pointer
movement 1s adjusted by the same proportional amounts in
all component directions so that the position of the pointer
may be maintained. In other embodiments of the present
invention, similar functionality 1s achieved by overlaying
guide areas. For example, FI1G. 16 1llustrates a representative
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section of computer display 1600 with two overlaying guide
arcas 1602 and 1604 that create an overlap area 1606 that
will typically be located on a target (i.e., a location on the
computer display where a pointer selection event may
occur). Guide area 1602 1s composed of five (5) pixels 1n a
1 x5 pixel rectangle and guide area 1604 1s composed of five
(5) pixels 1 a 5x1 pixel rectangle. Similar to the embodi-
ments 1llustrated 1n FIGS. 5-7, the path 1608 of the pointer’s
movement 1s adjusted toward the overlap area 1606 when
guide area 1604 1s intersected. However, when the pointer
208 intersects the overlap area 1606, guide area 1602 also
cllects pointer 208 movement. The combined eflect of guide
arcas 1602 and 1604 in overlap area 1606 1s to adjust pointer
movement toward the center of the overlap area 1602.

While presently preferred embodiments of the mnvention
have been 1illustrated and described, 1t 1s to be understood
that within the scope of the appended claims the invention
can be practiced in other ways than those specifically
described herein.

The invention claimed 1s:

1. A user interface that displays graphics on a computer
display including a pointer that may be relocated on the
computer display by a user employing an input device, the
user interface operative to:

receive notice of pointer movement events and pointer

selection events;

communicate with an operating system to obtain event

data associated with pointer movement and selection
cvents;

allow application programs to create GUI objects com-

prised of a guide area and a target, wherein adjusted
coordinate positions for the pointer are identified when
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the pointer 1s inside a guide area so that movement of
the point 1s redirected toward the target, and wherein
pointer movement inside the guide area 1s non-linear in
one component direction 1n relation to movement of the
iput device;

wherein allowing application programs to create GUI

objects comprised of a guide area and a target includes:

determining whether guide areas on the user interface
are scheduled to overlap;

if a determination 1s made that guide areas are sched-
uled to overlap, preventing the guide areas from
overlapping; and

cause the operating system to display the pointer at the

adjusted coordinate position.

2. The user interface as recited in claam 1, wherein
preventing the guide areas from overlapping includes short-
cening the length of guide areas from competing targets that
are scheduled to overlap.

3. The user interface as recited 1in claim 1, wherein
preventing the guide areas from overlapping includes chang-
ing the angle that the guide area extends outward from a
corresponding target toward a competing target.

4. The user interface as recited in claim 1, wherein the
guide areas that correspond to a target may be configured to
redirect pointer movement 1 any direction on the computer
display.

5. The user interface as recited in claim 1, wherein the
amount that pointer movement 1s redirected toward the
target 1n one component direction increases as the proximity
of the pointer 1s closer to the target.
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